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Introduction 


Genesis Super 32X (32X) is a " 2 X 32 bit " hardware upgrade that will provide arcade- 
quality game experiences from existing 16-bit Genesis hardware. 

When attached to the Sega Genesis or Sega CD, the 32X will incorporate some of the game 
piay capabilities to be found on the upconting "Saturn" system. 

The 32X will use the Hitachi SH2 RISC chips destined for Saturn. The two SH2 chips in the 
32X will complement a newly-designed VDP (video digital processor) chip to bring to the 
Genesis taster processing speed, high color definition, texture mapping, improved computer 
polygon graphics technology, ever-changmg JD perspective, software motion video, en- 
hanced scaling and rotation and improved audio. 

The 32X will enhance both Sega CD disks and Sega Genesis cartndges ifesigne’S^d devel- 
oped exclusively for the system. In addton, the 500+ regular gSBtes aWlablefor the Sega 
Genesis, and the 100+ games available for the Sega CD can still be plajeed t^Je the 32X is 
attached to the Genesis hardware unit. 

System Features 


The following are some of the features on the 32X; 

• Plugs into the Genesis Cartridge pc®t wiifea f«85 through cartidge port. 

• Rim by two SH2 processors rendenr^fo’a newframe bi^r QH the 32X itself 
(not the frame buffer in the Genesis) 

• Three display modes support l^bit, 8 bit, RLE coloEsit. " 

• Will run 32X-onIy and Genesis cartridges. It the use&l«s.a Se^iCD system, 
32X can be hooked up totheC&s^tSn and will run 32X4ffi]y and Sega-CD 
compact discs as well 

• 32X will feature improv|^^j^acapabili^moB|spntes, quicker 
animation, and ay^ leisure m^ping- 

• The Genesis an^^Triyed'^eiind are mixed togetli«r Thus, graphics and 
sound from sy^Wfl^Ban be overlayed throughkiutput. For example, for 
any given gahli5|^ background can be done through the Genesis, and the 
rendering through^ 32X (and vice versa). 

• 4 Mbits total (2 Mbits = Frame Buffer; 2 Mbits = SD-RAM). 
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GSX Hardware Specifications 


CPU 


SH2 (32 bit RISC) X 2; 

Internal DSP (add, times & divide): 

23.01 MHz, 20 MIPS x 2, 4 KBvte cache 

23.01 MHz 

RAM 

Main Work RAM: 

Frame Buffer: 

2 Mbit SDRAM 

1 Mbit X 2 DRAM 

VDP 

Maximum screen size; 

Maximum colors; 

Display Functions: 

•1^ ; ; 

320 pixel widax 224 pixel high 

32,768 

Dii»a color mode. Packed pixel mode. 
Run-length mode, Line table method. 

MD/GENESIS I/F 


Communication Port 

-l^htwords of dual port registers are 
available lor c^nmimication and 
,,data transto. ;; 

Interrupts: 

An mtemlpt.tci.the^X. 

Sound -f' , 


TwochanndPWM.. 

Resol^yn 10 bits at 22 kHz 


j>X hardware Speaficatims 
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SH2 


Dual SH2'8 

Same CPU configuration as the Saturn. Each SH2 has 4Kirtemal RAM. This RAM 
has two modes selectable from software. Mode 1 is 4K cache, which is useful for 
general CPU tasks. Mode 2 is 2K cache/2K RAM, which is useful for tight loop 
tasks such as graphic routines, geometry calculations, and sorting. The SH2's share 
a common bus that holds the RAM and Frame Buffers. This configuration should 
lead to unique programming thcks. 


SD-RAM 

The 2Mbits of SD-RAM, which is the same as what is used in the Saturn, has three 
timing tiers. The read time when reading sequentially is 


Master Access to Frame Buffers 

Both CPU's reside on the same bus. When they atteii^t 'f^^^ the bus al 
time, the Master SH2 will win. Because both SH^it^vemtemal cache memory, the 
conflict rate is low. Because there is one bu^bf^’ cih write to the frame 
buffer. This allows a piOgiammer to split the wo^ for the display into two 
parts if the game requires. 

DMA Channels fr 

Each SH2 has two DMA channe^fhat CM^hCftlRifigured to respond to the DREQ 
line on the chip, creating a DMi^poa^m^te backgrpjjiidpf the CPU running. 

On the32X, this line toggles ever^^^e th®S8000 wr^s to a register on the Genesis. 
This allows a DMA from the 68000 tcT^^12 withoufealt^g tl^e SH2 to do the 
DMA. This will enable the ^GA CD to do high-^ptformafc^^deo playback and 


e 68000 has two one sent 

e numla^f is still undetermined- ^ta c 

rts auid t ^^yt he IRQ to inititiate work. 

•ft ■ 



can be passed through I/O 


The FIFO (First In, First Out) allows the SH2 to write data to the frame buffer with- 
out a usual wail for the D-RAM. 


Cycle Stealing 

The cartridge will exist on the 68000 side. Both SH2's have master/slave access to 
the cartridge at all times via the cycle stealing technique. Unless the 68000 is doing a 
DMA, the cartidge is available at all times. 
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RAM 


System RAM 

2 Mbit SDRAM 

512 Byte RAM Clear Hardware 

Used for flat-shaded poiygons- 


Dual Frame Buffer Design 

Two display buffers, each 1 MBit, are featured on the 32X itself, 
to one of them, while the other is being drawn to the screen. 


Access From MD Side 

The VDP and Frame Buffer from the Mega Drive « 




Three Display Modes 

The following display modes will 

• Runlength/256 GLUT display mode 

• 15-bit RGB 555 color disp’ 

• 256 CLUT display mode 

32,766/256 Color Support 
Supports 32,768 
Direct selecting ( 
wipes, gouraud 
VDP 1 on the Si 

Line Start Table 

Each line of the 
memory conservation 

S-Video Support 

The 32X supports 5- Video, which allows the Genesis to output S-vdieo in pass- 
through mode. 



RGB color, 
•fading, fade 
color dep^ as 


Tias a start address. This allows for special effects, 
k pixel areas, and hardware scrolling. 
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Audio 


Two Channel PWM 

PWM registers are used for title screen audio, and the 280 for gameplav audio. 



32X Hardware Specifieatiens 

CONFIDENTIAL 


PROPERTY OF SEGA 


32X 

DEVELOPMENT TOOLS OVERVIEW 




e 1t»4 SEOA. All Right* n**«rv*a. 


CONHDENTIAL 


PROPERTY OF SEGA 


The following is a list of programming tools to te used with the GSX. 


Hardware 


Hardware 

Canunents 

IBM PC compatible 

Code development for SH2, 68000, Z80 

CPU- 486 (66 MHz); 8 MB RAM or more; 

300MB HDD or more; MS-DOS 5.0 or higher. 

Macintosh 

For graphic and sound tools 

Unix Work Stations 

Works with Hitachi E7000 Arou^ ethemet GNU tools. 

Hitachi ICES fnr SH2 
E7000PC 

E7000 

EVAL Board 

[BM-PCparallelI/F5H2-!EE ' 

Ethemet type SH2 

Low cost rBM-PlBparalleU/F SH2 ICE 

Zacks ICE 

68000 

CartDev 

Mcadtor-'based tteeelonment system. Available in June. 

Sega Dev 

Cartridge RCM emulates •- 

32X Target 

•32X development board :: :r' 

CD Emulator 

‘■SE^ACDemulator • 

Software ^ 


Software 

Comments 

SH2 Compiler 

GNU. Hitachi 

SH2 Cross Assembler 

GNU. Hitachi, SNASM2 

SH2 Debugger 

Hitachi with ICE, SNASM2 

66000 Debugger 

SNASM2,etc. 


32X Development Teals Ovemav 
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Stand-Alone System 
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Stand-Alone System 
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SOFTWARE LIBRARY 
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32X Software Library 


The following diagram list the 32X software libraries and the programs in them. 
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Data Format Support 


The following data and formats are or will be supported. 


Dala type 

Comment 

Image Data 

PICT: 

DGT2; 

Macintosh picture data 

DC mode, PP mode, RLE mode supported 

Model Data 

DXF; 

Auto CAD data 

3D Data 

.SEGA3D: 

# k f 

Modeling, Material, 

Animation Data 

PICS: 

Macintosh animatioDwaWI^J^ 

Other Formats 

The following formats are schetfced^rw^pported inJite future. 

• BOB .HFF , if 

• BMP .PCX ^ ^ ^ 
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2D Development 



Paint ToO(O.T. S) image 
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Hardware Requirements 


Tlie following hard ware is required for graphic development. 


Tool 

Hardware 

Comment 

Development 5y»lem: 

Macintosh 

CPU 68040 

16MB RAM 

100 MB HDD or more 

Video Card: 

A 24-bit Video card, or a 24-bit color system. 

Target 

A SCSI system available 


gEr-gi|og 
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Software Requirements 


The following software is required for graphic development. 


Tool 

Comment 

2D Edit 

SEGA converter: 

Simple painter: 

Simple animator: 

Same tool as for Saturn. 
Same tool as for Saturn. 
Same tool as for Saturn. 

3D Edit 

Simple 3D editor: Same tool as for Saturn. 


Simple Painter 

A simple paint tool. 


Function 

Simple paint tool 

Input: 

Image data is PICT DCn 

Output; 

Image data is PICT, DGT2 
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Simple Animator 

A sprite animation tool. 


Function 

Sprite inunolion tool 

hpu.: 

Image data is PICT, DGT2 
Animation data is PICS 

Output; 

Animation data is PICS 
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Simple 3D Editor 

A model data viewer that sets 3D data (material, object). 


Function 

Model data viewer 

Input: 

Model data is DXF 

3DdataisSEGA3D 

Image data is PICT, DGT2 (for texture mapping) 

Output: 

3D data: SEGA3D 
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GSX Sound Control Plan 


2WORDS will be set aside for the 32X eoirumunciation port. Of the 2 WORDS, 1 
WORD will be used for main program (SH2) sound requests. The remaining 1 
WORD is exclusively for the sound driver give-and-take control over SH2 and 
68000. 


PWM Sound Driver 


The following are sorrve of the functions of the PWM sound driver: 


8 bit data 

Left and right, 2-channel PWM. 
Maximum sampling rate of 44.1 KHz. 
Looping (forward, alternate). 

32 step volume change. 

3 cent step pitch control. 

CPU Power ConBumption 

- Pitch, volume control off- 
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GSX Sound Development Environment 


Sound Program Development Layout 



Sound/Music Composition 


MUi instrument — - 






32X Sound Deveiormail Environment 
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Program Development 
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(Doc-#-MARS-10-0:^rf ■% 
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MD MEMORY MAP 


When Poweris ON (ADEN = 0) When using the 32X(A DEN = H 


Custom Internal ROM 



When Using 32X (A DEN* 1} ■ 

• A custom intemaIMMis4llocatedto.^K.Vector area (SOOOOOO-SOOOOFF). All 
Jump destinattoEB witfi duS RAM arelo FKiROM, Image area cartridge ROM is 
allocated te-this SBearon^ when ROMso VRAMBMA. 

• The cartridgetJOOOO^s’OTFFFF (4 Mbit) area® allocated to the $880000-$8FFFFF 
area, attd canBOhdiscate other cartndge ROM areas. 

• The $90GBOfl“$9FFFFF area accesses a 32 Mbit cartridge area and divides it into 
four banksti^rKsetting the bank inside SYSREG. 

• 68K and SH2 can freely access ROM, but when 68K and SH2 are accessed at the 
same time, SH2 has priority. The CPU then waits until the access before it has 


ended- 

• Only the HINT (Level 4) Vector becomes RAM. 

• The Jump source is set to the Fix ROM Image area when the initial program ends. 
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Only when FM equals 0 within SYSREG is access of areas S840000 - $87FFFF and 
SAISIOO - $AI53FF possible. 

The 32X ID is "MARS." 

Palette can access only by word; it can not access by byte. 
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SH2 Memory Map 


oooooooo 

00004000 

00004100 

00004200 

00004400 

02000000 

(Cacho) 


20000000 

20004000 

20004100 

2000420D 

20004400. 

22006000 

(C^iattaiau^) 
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Interrupt Levels 


IRL 14 VRES 


Interrupt when the MD reset button has been 
pressed 

V Blank Interrupt 
H Blank Interrupt 


12 VINT 
10 HINT 


8 CMD INT Interrupt through register set from MD side 
6 PWM TIMER Interrupt through PWM synchronous timer 

DMA 

• DMA is a dual address mode (DREQ 0 fixed) for the SH side RAM from 
FIFO {MD side data). 

• The ROM to PWM DMA is also a dual address mode 

• For other memory to memory DMA, use theauto jequest mode. 

• DMA can set both master and slave, but both shouW noti'e set at the 

• When scanning MD DMA data in DMAics'^e'^ side RAM from 
FIFO, the MD Source Address works prc^erly only by the CD word RAM. 
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MD Side SYS REG 


* Adapter Control Register 


A1S100 


D15 014 D13 D!2 Dll 010 OS D8 07 C6 D5 D4 03 D2 Dl DO 
I I Read Only aw rw 


ADEN; Adapter Enable Bit 

0; Prohibits use of 32X (initial value) 

2‘ Pemuts use of 32X 
RES: Resets SH2 

0: Reset (initial value) 

1 Cancel icset * t 1 

REN: SH Reset Enable — 

0: No “?:i 

1 Yes 

FM: Frame Buffer Access Pe«®issioni: 

0; MD (initial value).. . 

I SH , . 

Switching the access permission is done smtfiltaneou^a^ wnting to the FM bit. 
Therefore, be aware that the SH side will s^itcfeWSTCivhile accessKtg the VDP. 

* Interrupt Control Register .« 

□15 D14 D13 D12 Oil DIO DS SS 
A15102 l-l — I — I — l^l-J-l->r 


D6 D5 D4 [® tB. Ol'^llO 
, , .i^FVW, 


INIMi 9WastetSH2, Intern^ coaimiuid 
NO OPERATION (miSal value) 
iS Interrupt command 

slave SH2. Interrupt command 
0: NO OPERATION (initial value) 
'■ 1; Interrupt command 


Both are automatically cleared if SH performs interrupt dear 
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Bank Set Register 


D15 D14 013 012 Dll DIO D9 DBD7D6OSD4D3D2D1D0 
A15104 1^ I — T— I — I — I — I — I — I — I — I — I — I — ) — 1^1 BIffl I 


• OREO Control Register 


D1S D14 D13 D12 D 
fl eatl Only 

A1S106 IFuM! — I — 1 — I- 


RV: ROM to VRAM DMA 

0: NO OPERATION 
1; Start DMA ' ^ 

FuU FIFO Full 

0, WnteaWe „ - ~ 

1: UnwriteS^le '«• 

The SH side cannot access the ROM whmRV« l.^^Vhen doing ROM to VRAM 
DMA, be sure that RV=1) When vou wantteaCeessit, waituntiIRV=0. (When 
DEL= 1 no action wsll occur even^ttien wn&^-io FIFO. ) 


DMA 

BBS 

Mode s, r. 

0 

0 

Mo OperatJorv _ ' ^ -x’ 

0 

1 

CPU Wnte (BiKwmes Oats m FIFO) ' 

1 

0 

NoOoasna 

1 

t 

t>MA !{Uite (PeM^rms oaia capDMNising MCMtleDMA) 


®er^iori W^eri 68S IS 1. Wnttag&ends the operation. Itautomati- 
ends. '.rtf 
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68 TO SH DREQ Source Address 


DI5 014 013 D12 D11 DIO 09 06 D7 D6 D& 04 03 02 D1 CO 


Aifiinp] 

— 

1 

Htcti Otflar 

1 

aisioa| 


LOW OrOer 




Sets the source address when performing DMA of the MD side. The inside circuit 
begins operation of the SH side DREQ circuit from the time that the addresses 
match. But because the DREQ circuit does not use this data, nothing needs to be set 
at the time of CPU WRITE. 


* 66 TO SH OREQ Destination Address 

D15 014 013 D12 Oil DIO DS D6 D7 D6 D& 04 


I Dz 01 ' 




Sets the SH side (SDRAM) address. The DREQ cir#it ^OMHit use this data. Thus, 
when the destination address is known befo^^iHid by|5H,®r when SH doesn't need 
to know, no settings are needed. 


• 66 TO SH DREQ Length 

D15 014 D13 012 011 DIO Sf! JX 


FVW 



Sets the data numbenfUmtBS^^i^) to be sent to SH side. ^3tie value to be set is in 4 
word units. Low orderJMt write is ignored (00 defined). Be sure to set this register 
forbothCPU WRITE andDMA WRITE. Ateach transter, this register is 
decremented and when it becomes 0, the DREQ operation ends. Transter is done 
65636 times when 0 is set. Read tune reads the actual count value. 
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FIFO 


015 014 D13 012 Dll DIO 09 08 07 06 D5 D4 03 D2 D1 00 
Wme Only 

A15112r I 

Data is written to this register when DREQ is used by CPU WRITE. 


« SEGA TV Register 

D1S 014 013 012 Oil 010 09 Oe 07 06 DS 01 DO 


"w, 

CM; Cartndge Mode 

0: ROM (ir^ha^alu^. 

1 DRAM ^ 

Use of this bit is prohibited with other a^hc^cmsifor the SEGA TV. 



and 5H directions, but be aware that if writing the same register from both at the 
same time, the value of that register becomes undefined. 
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PWM Control 


3 D12 D11 Dio 09 De 07 06 05 04 D3 02 D1 DO 
RWRW RMIRWRPrfr 

■ \ — ITM3lT\CITWllTWDl HTPI — I — >CTqwbcpMD'|Ll^|LMDi| 

RTP: DREQ 1 occurrence enable (SH side only). 

0; OFF (initial value) 

1: ON 

MONO: Sets Stereo /mono 

0: stereo (initial value) 

1: mono 


When set at mono only registers used for mono are valid. ^ 


'.X 


Neither can be set to Ixh or 

Cycle Register: base =23.fe MHz (^eA; 

ATIM 0-3 sets the PWM tune interrupt interval as well as^the ROM'*) PWM trans- 
fer synchronization- Interrupt IS produced by 

(oycla regUjutf x 

* Cycle Register 

D15 D14 CH9 012 CWDW.09 DeD7D6D5Wci^D2DlD0 
jii fiw 

A15132 1 — 4. I 


The set value x eye becomes the cycle 

NTSC seye • 1/33. D1 tICBs] 


Scyc - 1/22.8 [HBz] 


3S 
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L ch Pulse Width Register 


DIE D14 D13 012 DU DIO 09 06 D7 D6 D5 D* DO 02 D1 DO 
FVW 

*1513* I — I I 


The set value x eye becomes the pulse width. 

* R eh Pulse Width Register 


DIE D14 D13 Dl2 Dll DIO D9 DC 07 D6 05 04 D3 02 
.1 = 1 




The set value x eye becomes the pulse width. 
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SH side SYS REG 


« Interrupt Mask 


D16 014 D13 D12 D11 DIO 


A 


ReaQ^Onlv R 




DO 




HEN; H INT approval within V Blank 

0: H INT not approved {initial value) 

1; H INT approved 
H: H Interrupt Mask 

0: Mask (initial value) 

1: Effective 

V: V Interrupt Mask 

“ 0; Mask (mifiakvalae) '• 

1: Effective -av 

CMD: Command Interrupt Mask -j-* 

0: Mask (iniAl valae) 

1 Effective 

PWM: PWM tunelnteirupt 

0 Mask {irdtial value) 

1: Effective-;^ 

Cart: Cartridge insect«eKdit!on 

0: IS inserted 
1: IS not inserted 

ADEN: A dapte era^le bit 

O'. 32X Ufre prohibited 
•1 32X use allowed- 
A tSrameJBuffer Accesi^’eraussteft 

/f 0 MD (initial value) 

•X ' I- SH 

DO - D3 have sepasttgid registers in master and slave. Switchmg access 
permission is done simultaneously to writing to the FM bit. Therefore, be 
aware that the MD side will switch even while accessing the VDP. 
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D15 D14 D13 Dl2 D11 D10 D9 08 D7 06 05 D4 D3 D2 D1 DO 
Write Onfy 

4002 I [ 


Use with system (Boot ROM). Access to this register from the application is 
prohibited. 

• H Count (Access : Byte/Word) 



D1S D14 D13 D12 D11 010 D9 08 D7 06 05 D4 03 02 01 00 


Reafl Only 


4006 1 



Hien Older 


400A 1 


(jwOrOer 


_bJ 


See MD side 


PROPERTY OF SEGA 


6S to SH DREQ Destination Address 


(Access : Word) 


015 D14 013 D12 Dll DIO 09 Oa 07 D6 D5 W 03 E32 01 DO 

RmO Qn^ 

400C I — |__ High QiOer | 

I LowOrOBr ' | 

See MD side 

* 66 to SH DREQ Length (Access : Word) 

OIS 014 D13 D12 Dll DIO D9 08 D7 06 D5 D4 D3 DZ Dl DO 

RertOnhv 

«10 i ' I 1^1-01° 






O Tl. 

♦ VRES interrupt Clear 

1 0#*E%09 %7 D6 ^ 01 DO 


015 014 D13 012 Dll C 




intem^^^^Fed.ii 


Clears VRES in terri ^^l^ ot defied, intenupt will continue indefinitely. 

• V Interrupt Clear (Access : Word) 


4016 C 


S DU D13 D12 Dll CIO 09 D5 07 06 OS D4 D3 De 01 
Wrilg Only 


□ 


Clears V interrupt. If not cleared, interrupt will continue indefinitely. 
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H Interrupt Clear 


(Access : Word) 


D15 D14 013 012 Dll DIO D9 08 07 D6 OS 04 03 02 D1 OO 
Wnte Only 

4018 r i 

Clears H mterrupt. If not cleared, interrupt will continue indefinitely. 

• CMD Irtterrupt Clear (Access : Word} 


t 01 DO 


401A C 


Clears CMD interrupt. Ifnotclearei 
• PWM Interrupt Clear 


015 D14 D13 D12 011 010 0^ 
W 




e indefinitely. 

(Access : Word) 




01 DO 


Clears PWM intermpt. If nofedeaied. 

.. 

• Communici 


iWindefinitely. 


P«Si^ h -r - (Access : Byte/Word) 

- 0 ' - 

4315 '914 011 DIO D9 08 Oft D^ 05 04 03 02 01 DO 


See MD side 
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PWM Control 


(Access : Byte/Word) 


D15 DU D13 D12 D11 D10 D9 D0 D7 D6 D5 D* DO CD2 D1 DO 

, , , , fVNpMsmmPiMy . rw rwrw ^ 

4030 I — I — I — I — IT?^l'rV2ITMirTM0lffTPI — 1 — MOHJWPIXMOiU^DolLlilDi j 

See MD side 

* Cycle Register 

D15 DU D13 D12 D11 D10 D6 08 07 D6 D5 D4 Cfl 02 Dl DO 
HAW 

<032 I — I ■■ ■ I 


See MD side 


* L Pulse Width Register 


D15 DU 013 D12 Dll 010 09 08 07 D6 0KiO4 D1 DO 

I = ^ m ,r , 


* R Pulse Width Register 


IJ 

; i- 

DIS DU 013 012 oil O10 Dft<St. «p6DSCMD3CGS»D0 

^ 


I 


' ' ‘Seef/lDside 

* Mono Pulse WldM^H^ster ' 

015 014 013 D12 DIIDIO 00 DeD7D6D5D4D3D2DlD0 


403S C 


□I 


□ 
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VDP REG 


MD and SH Common 


(Access : Byte/Word) 


Address D15 D1A D13 D12 D11 D10 09 DG D7 [16 DS D4 03 ( 
NC SH Read Only 


A151B0 4100 IPALI - 


-I— I— I— r=T 


nppiTg^i — I — I — I - 


I Run Length Mode itrS®, 

240; 240 Line Mode {%bd (^y wten PAL) 

0; 224 Line (iraturMiie) " 

1: 240 Line 

Changing can enlv be done within V Blank 
PRl: Screen Priontv ■(explaned later) 

0: MD has p»t»nty(initial value) 

1; 32Xhas|7i(»^ 

Change can be done aityctf* but IS valid from the next line. 
PAL; 

■ft PAL 

1 NTSC i 

» Packed Pixel Control <A<%|ia: Byte/Word) 

Address D1£ Okt 013 0% 011 DID DS O- 07-^ 05 M 03 CC D1 DO 
M3 SH a 
A15182 Alffl — 




mj 


SFT; 


Change can be done anytime but is valid from the next line. 


3ZX Hardware MnnunJ 
CONFIDENTIAL 


PROPERTY OF SEGA 


Auto Fill Length 


(Access : ByteAVord) 


Address DIS 
M3 SH 
A151S* 4104 I 


D14D13D12D11 DIO DB M 07 06 D5 D4 D3 02 
I Ba&r. 


D1 


DO 


Word length (0-255) when DRAM is being filled. 

Nel*: The Auto Fill function will be explained later. 


* Auto Fill Start Address (Access : Byte/Word) 

Address D15 014 D13 012 011 D10D9C18CI7D6I1SWD3ESD1IM 
M3 SH RW 

A15ia6 4106 IA16IA15IA14I Aia A12IAltlA10l A9 ) AS'l A7J^6i.^KiS1M \kz I A2 I A1 I 

Sets the lead of the address you want to fill. A16~ A^«jnaftta5Set butA8~Al are 
incremented at each FiE. 


* Auto Fill Data (Access 


Adaress DiS D14 Bl3 0l2 Oil DIO D9 D8 D7 --68' D5 D4 D3 tK K' DO- 
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Frame Buffer Control 


Address 
UD SH 
A1S18A 410A 


D15 D14 D13 012 D11 DIO 09 M 07 D6 DS D4 09 02 D1 C» 
VeutKWENI I 1 I I I I I I I I 


FS: Frame Buffer Swap 

0; Transfers DRAMO to VDP side (initial value) 
1: Transfers DRAMl to VDP side 
FM: Frame Suffer Access Right 

0: MD (initial value) 

1- SH 

FEN: Frame Buffer Access aB^DrSsaion 

0: Access allowed (inftel value) 

1 Access denied ^ N- - 


VBIank 

0: Dunng'^^y^od^ 
1 While Blai^. , 

H Blank ' ''c" 

0; Du^^® (Usf4^penod 
1 While Bknk 
^alette,^e5SApproval 


1: Accesaidemed 


Change of the FS Bit 
Bit, FMbit, and 
that FEN 18 equal 
The bit map 
Blank. 



ik (VBLS =# I’l When changing FS 
tftfi frame Buft after confirming 
ig Hand V blank- 
color mode as well as 
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VDP 


* Dala Format 

Run Length Mode 


WSB ISB 

I 8 i -Cj 

^ LengBi -'^Colorrto/ 


Length is the display dot number minus 1 . 
1 dot when Length = 0 


Packed Pixel Mode 


M SB dotO dotl LS B 

I e I 3 

' ^ Color No^ 
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Prierity 


VDP Register PRI = 0 


PPI»1 



• Only the MD si 

* DRAM (FRAME Buffer) W 


0 1 2 


■319 320 321 


SFTsO I ► Display Region 

SPTsl I ► Dig)lay Region 


PROPERTY OF SEGA 


Because address data that is set in a line table is in word units, it can only change a 
table in 2 dot units when a packed pixel. Therefore, to change the display position 
by 1 dot units, use the SFT bit (when performing H scroll for example). Dot shifting 
can be done only in screen units. 

* Aute Fill 

This hinction fills the DRAM (Frame Buffer) with page (256 Word) units. Please be 
aware that fill can be done only inside a page. 

Ex. 1) Start = $0022A 

Length = $E3 

Data = SAA 


End $003Fa % 

IPC 


I T 





e page, as in exam|^^ then the address will 
Auto Fill Address revises values as shown below. 


D1S D14 013 D12 D11 DIO 09 DS D7 D6 05 D4 I 
IA16IA15IAUIAialM2LMHA10IA9l Ml A7lA6rA5n 


02 D1 DO 


\ 4 — Remains set — — Incremented — ►] 

Fill time calculation formula 7 + 3 x Length (eye) 

OTSC scye « 1/23.01 rUBs} PM Scyc • 1/22. S tHBZ] 
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Precautions Concerning VOP 


When accessing the palette RAM during the display interval 

{HBLK = 0 and VBLK = 0) in the packed pixel mode, there will be await until 

entering Blank. 

The internal circuit ignores the access of a CPU accessing VDP that does not 
have permissiori for VDP access by FS bit. Be particularly aware when 
reading that undefined data will be readout. 

The four areas that receive access control from the FM bit are the Frame 
Buffer, Over Write Image, VDP Register, and Palette RAM. 

The development board halts access of the VDP by the CPU that does not 
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Access Time Table {These may change depending on the development situation 
hereafter.) 


Sclk = 23.01 MHz Vclk = 7.67 MHz 


« ROM Image Area 


SH2 


Read / Write 
min- 5 Sclk wait 

max. 15 Sclk wait (14 Sclk wait 

an interval) 


sding access ofSflK that 


66K min. 0 Vclk wait 
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Precautions When Using SH2 iCE 


The following restrictions apply until you are able to change to the latest ICE (about 
6 months). 

• All SH7604 E7000V1.0 restrichons are in effect. 

• SDRAM cannot be accused by the cache through. 

• Data cannot be properly transferred even when treating SDRAM in the 
DMA source and the destination in the SDRAM by DMA. 

• With an Expansion Board: 

SH ROM access has a minimum 6 clock wait (8 clock access) 

SH VDP register has a minimum 5 dock wait (7 dock access) 

• The current SH2 ICE cannot accws the SDRAM with cache through. You 

must be careful when read/wntmg data by botislha^ and slave since the 
cache can trot be turned OFF. The SH2 firaJ chipidoes ijot occur in the 
problem mentioned above s 
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